New physical elements of the early B-type eclipsing binary V346 Cen are derived using the HARPS spectra downloaded from the ESO archive and also numerous photometric observations from various sources. A model of the observed times of primary and secondary minima that fits them best is a combination of the apsidal motion and an abrupt decrease in the orbital period from 6 d .322123 to 6 d .321843 (shortening by 24 s), which occurred somewhere around JD 2 439 000. Assumption of a secularly decreasing orbital period provides a significantly worse fit. Local times of minima and the final solution of the light curve were obtained with the program PHOEBE. Radial velocities of both binary components, free of line blending, were derived via 2D cross-correlation with a program built on the principles of the program TODCOR. The oxygen lines in the secondary spectra are weaker than those in the model spectra of solar chemical composition. Using the component spectra disentangled with the program KOREL, we find that both components rotate considerably faster than would correspond to the synchronization at periastron. The apside rotation known from earlier studies is confirmed and compared to the theoretical value.
Introduction
The eclipsing binary V346 Cen (HD 101837; V = 8 m . 3 in maximum, with a period of 6 d .322) has an eccentric orbit with e = 0.29 and is one of the early-type binaries for which the apside line rotation has been found. Its variability was discovered by O' Leary & O'Connell (1936) and the presence of apsidal motion was first reported by Dugan & Wright (1939) and O'Connell (1939) . Although the star was classified as B5 on a slit spectrogram by Popper (1966) , the standard MK spectral type appears to be B0.5 IV according to Fitzgerald & Miller (1983) . The binary is a member of the open cluster Stock 14.
Several photometric and spectroscopic studies of V346 Cen have been carried out, the fundamental paper being by Giménez et al. (1986a, GCA) . They obtained the apside line rotation period of 321 ± 16 years. An important contribution has also been presented by Drobek et al. (2013) ; they give the apsidal period as 306±4 yr. New photometric and spectroscopic data have been published since then and we have secured several sets of new photometric observations.
Photometry
New photometric observations have been published by van Houten et al. (2009) , by the ASAS 2 and ASAS 3 project teams (Pojmański 1998 (Pojmański , 2002 , and by Drobek et al. (2013) . We used the photographic light curve of O'Connell (1939) and obtained new BVR, BVRI, and non-stardard green photometry at three different stations. The journal of photometric observations used here is in Table 1 1 . Details on the individual data sets and tables with new observations can be found in the Appendix. We note that one of the comparison stars we used at the Mount John Observatory, and which was also used by O'Connell (1939) and van Houten et al. (2009) , is an irregular B0.5 e variable V916 Cen that should be abandoned as a comparison in any future observations (see Fig. B .1). Pojmański (2000) and several other investigators reported that the star is an eclipsing binary with a period of 1 d .463, but we argue that it is a typical Be variable showing the variations on several time scales (see Appendix B for details). Obviously, the van Houten et al. (2009) 1 Throughout this study we will use the following abbreviation for the reduced Julian date RJD = HJD−2 400 000. Giménez et al. (1986b) , 0.50 m Danish reflector, ESO, La Silla, Chile; 4. Pojmański (1998 Pojmański ( , 2000 , ASAS 2: 0.135 m telephoto lens with a Meade CCD camera, Las Campanas, Chile; 5. Pojmański (2002) , ASAS 3: 0.200 m Minolta telephoto lens with a CCD camera, Las Campanas, Chile; 6. this paper, 0.6 m reflector with a CCD camera, Mt. John, New Zealand; 7. Drobek et al. (2013) , Australian National University 1.0 m reflector, Wide Field Imager of eight CCD chips, Siding Springs, Australia; 8. this paper, Sonnar 4/135 mm telephoto lens with a CCD ATIK16IC camera, Sutherland, South Africa; 9. this paper, 0.3 m Meade Schmidt-Cassegrain reflector with a CCD camera (Ebr et al. 2014). and our Mt. John observations should be treated with some caution.
Times of minima
The first times of minima were published by the discoverers of the variability O' Leary & O'Connell (1936) , O'Connell (1939) , and Dugan & Wright (1939) . When Hernandez & Sahade (1978) obtained the first radial-velocity (RV) curve of the primary component of V346 Cen, it turned out that Dugan & Wright (1939) had incorrectly identified the primary and secondary minima. Their identification is correct in O'Connell (1939) . Van Houten (2009) obtained the light curve in four passbands of the Walraven system and also published a time of a primary minimum. The star was not observed by Hipparcos, and the TYCHO data are too noisy to be used to determine the times of minima. The time of the primary minimum RJD 50 554.442 was obtained from the ASAS 2 observations by Pojmański (1998) (although his period of 6.295 d is rather off). Ogloza & Zakrzewski (2004) have published several times of minima based on ASAS 2 photometry, but their primary and secondary minima are also reversed. Drobek et al. (2013) published several times of minima, based once more on the ASAS 2, on ASAS 3 (Pojmański 2002 ), van Houten et al. (2009 , and their new observations. Here, we adopt a different approach. Considering that the orbital period is rather long for an accurate determination of individual minima, and having all the light curves at our disposal, we fitted all individual local light curves in individual passbands, covering time segments not longer than 1500 d (and usually much shorter -see the time intervals specified in Table 1 ) using the PHOEBE program (Prša & Zwitter 2005 rel. 1.0 with several passbands added. In this way, we kept most of the elements fixed at the values of our final solution (see Sect. 4) and we only allowed convergency of the phase shift from a local mean epoch, local value of the longitude of periastron, and the light level. This way, we obtained the local epochs of the primary and secondary minima. A few examples of the light-curve fits can be found in Fig. A.1 .
For completeness we mention that there is also a photographic light curve by Gaposchkin (1953) constructed from estimates on plates of the Harvard collection obtained in the years [1941] [1942] [1943] [1944] [1945] [1946] [1947] [1948] [1949] [1950] . The light curve is published only in the form of 28 normal points, which inevitably smears out the effects of the apsidal motion. For this reason, we have not considered this data in our analyses. Dugan & Wright (1939) published only the times of minima, not the individual magnitude estimates. Since they mention that they applied the heliocentric corrections of time, we tried to reconstruct the accurate times of minima from their Table 3 , using their epochs and the O-C tabulated separately in days, and in orbital phases. This gave HJDs, which never differed for more than 0.003 d and we adopted the mean of these two estimates. All these reconstructed Dugan & Wright (1939) minima are summarized in Table A .1. The minima based on local fits of the light curves are listed in Table 2 . They are complemented by two estimates of local minima based on our RV solutions for the Hernandez & Sahade (1978) , and our new RVs (see below).
Following the procedure already applied by Dugan & Wright (1939) , we derived two straight lines via least-squares fits in the O-C residuals and taking the weights of individual minima into account. In doing so we omitted (as also advised by Dugan & Wright 1939 ) the first three primary minima, and the first secondary minimum. From the intersection of both straight lines thus constructed we estimated the instant when the longitude of periastron was ω = 270
• as RJD 21 128. Dugan & Wright (1939) gives this time as RJD 21 963, Drobek et al. (2013) as 20 750. These numbers probably characterize the uncertainty of this determination. Table A .1 (open circles) and Table 2 (filled circles; triangles when the time results from a RV curve) are shown. Some data, probably of low accuracy, differ from the dominant trend. The curve corresponds to the period of apsidal advance 306 years and parameters in Tables 3 and 5 . The differences between the times of the primary and secondary minima at a given epoch depend on the rate of the apside rotation alone (see e.g. Giménez & Garcia-Pelayo 1983; Khaliullina et al. 1985; Giménez & Bastero 1995) . When Drobek et al. (2013) carried out the analysis of the apsidal motion, they also found a clear deviations from a pure apsidal motion (cf. their Fig. 14) . They tentatively suggested that these deviations could be due to the light-time effect caused by the presence of a third body in the system with an orbital period longer than 100 yr.
Because we had more observations than Drobek et al. (2013) at our disposal, we repeated their analysis, using the primary and secondary minima from Tables A.1 and 2; the result is shown in Fig. 1 . A somewhat better fit than theirs was obtained when we used our value RJD = 21 128 for the epoch, when ω = 270
• ; the period of the apsidal advance of 306 years does not need any revision.
Our plot of O-C deviations from the model apsidal motion is in Fig. 2 . It would be difficult to explain it as an effect of a third body since, for example, the shape of the plot of deviations is not that of a sine-type curve expected for the light-time effect.
With the period about 200 years and semi-amplitude ≈0 d .25 the (1) Hernandez & Sahade (1978) . minimum mass of the third body (for the masses of the eclipsing binary components according to Table 5 ) would have to be more than ≈10 M . No such body with the corresponding luminosity is detectable in either the light curves or the high signalto-noise (S/N) spectra, as detailed below. Even if we assume that the third body is a binary, its light and spectral lines should be visible (and the body should be observable by speckle interferometry as the separation should be of the order of tens of mas). One possible explanation could be a continuous secular change in the period, shown in Fig. 2 by a parabola with P = 6 d .321915 and with the second order term −3.22 × 10 −8 × E 2 . This fit could be improved if a combination with the light-time effect by a third body were considered. The light-time effect amplitude might then be small and there would be no problem with the absence of the signatures of the third body in the spectra and photometric solutions.
As Fig. 2 shows, the assumption of a sudden decrease in the sidereal period near RJD 39 000 fits the observations much better. If the decrease occurred, the sidereal period was 6 d .322123 prior to RJD 39 000 (similar to 6 d .322070 advocated by O'Connell 1939) and 6 d .321843 after RJD 39 000. The change is 1:1.000044 (a decrease of 24 s) and it occurred during an interval of about a 30 yr for which no observations of eclipses are available. A similar period decrease happened in the V505 Sgr three-body system, and Brož et al. (2010) tentatively explained it by a close encounter with a body on hyperbolic orbit. A sudden period change was observed for several other binaries, e.g. TW Dra (Zejda et al. 2008 ) and UV Leo (Mikuz et al. 2002) ; in these cases, periods increased. Moreover, TW Dra is a semidetached system, where an episode of more intense mass transfer would not be so surprising.
For the moment, we have no clear explanation for either the continuous or sudden period change of V346 Cen; judging by a normal appearance of the Hα line, without any detectable trace of emission indicative of the presence of some circumstellar matter in the system, we do not find the possibility of a transient mass transfer event very probable, though we admit that we do not have any spectra taken around RJD 39 000.
Spectroscopy
At present, there are 33 spectra in the ESO archive taken by the echelle spectrograph HARPS at the 3.6 m ESO telescope. These spectra were obtained during a 6-day interval in April 2009 and are available as a pipeline product. The list of spectra is in Table 4 . The spectra cover the region from 378 to 691 nm and have the resolving power of 115 000; we binned the spectra to the resolution 0.06 Å, typically obtaining a S/N of ∼250. Fringing is apparent at wavelengths longer than 450 nm. Examples of the He i 4922 Å line near two opposite elongations are in Fig. 3. 
Radial velocities
As already mentioned, the first RV curve of the primary component V346 Cen was obtained by Hernandez & Sahade (1978) , but it seems that this curve was affected by the line blending of the primary and secondary. The authors themselves noted that the high eccentricity of 0.40 ± 0.02 they obtained is suspect. Our experience from other similar systems is, however, that their RVs can still be used to determine local epochs of the primary and secondary minima if the correct value of eccentricity is fixed in the solution. Using the program FOTEL (Hadrava 2004a) , we therefore derived a new solution for their primary RVs, keeping the sidereal period fixed at our value of 6 d .322123 and the eccentricity at a value of 0.287, which follows from new RVs and light curves (see below). The solution is given in Table 3 .
Two 20 Å mm −1 fine-grained photographic spectra at both elongations were obtained by GCA, who estimated K 1 = 135 ± 5, and K 2 = 190 ± 10 km s −1 . Clearly, new and more complete RV curves of both components are desirable. Notes. The use of disentangled template spectra leads formally to zero systemic velocities for both components; by comparing the disentangled spectra to rotationally broadened synthetic spectra, we estimated the true systemic velocity of V346 Cen to be −4±3 km s −1 . For comparison, GCA obtained −8 ± 3 km s −1 from their two photographic spectra taken in opposite elongations.
Determination of RVs by direct measurements of individual lines (e.g. using Gaussians) in the HARPS spectra is not a good method for V346 Cen. The lines are rotationally broadened and nearly all stronger lines (mainly He i) are accompanied by numerous blends, most often by O ii lines, which prevents reliable measurements. In another attempt, we tried to disentangle the spectra using the program KOREL (Hadrava 2004b) in several spectral regions. The spread of the results was larger than expected. Nevertheless, we formed a mean of the KOREL solutions from six spectral regions and used it as a starting solution for spectra disentangling. A relatively large spread in RVs was also found when we tried to obtain them from the comparison of individual spectra with two synthetic spectra.
Therefore, we finally used the program asTODCOR 2 based on the principles of a 2D cross-correlation approach, first suggested by Zucker & Mazeh (1994) -see Desmet et al. (2010) for the details of program asTODCOR. Following Harmanec et al. (2015) we adopted the spectra disentangled by KOREL as the templates for the 2D cross-correlation. The spectral region 4460-4486 Å was used.
The orbital solution based on asTODCOR RVs had small rms errors, and actually agrees very well with the mean KOREL solution. The asTODCOR RVs are listed in Table 4 , the RV curves are in Fig. 4 , and the orbital solution for the fixed values of P sider. and e are also listed in Table 3 .
A negative search for the tertiary
We carried out several experiments with KOREL to check whether a line spectrum of a putative tertiary could not be found in the high-quality HARPS spectra. Because all HARPS spectra were obtained within a short interval of 6 days, it is clear that the exact value of the long orbital period (more than some 100 yr, see Sect. 2.1) used for the disentangling is not important. We ran a number of trial solutions with KOREL, but in no case were any lines of a tertiary found. 
Comparison with synthetic spectra
We tried to support the spectral classification of the binary components via a comparison of the disentangled and synthetic spectra. The spectra were disentangled by KOREL for the fixed orbital elements given by the HARPS solution of Table 3 . We used a Python program PYTERPOL, which interpolates in a precalculated grid of synthetic spectra in order to estimate radiative properties of components of multiple systems 3 . We used it to fit the disentangled spectra with the synthetic BSTAR spectra (Lanz & Hubeny 2007) . Solar metallicity and a microturbulence of 2 km s −1 were assumed; the log g values were fixed from the joint light-curve and RV curve solution (see Sect. 4). Formally, the best fit temperatures were T eff,1 = 27 141 ± 25 K and T eff,2 = 20 991±190 K. The comparison also provided rotational velocities of both components (see Table 5 ). As already noted by GCA, who obtained values of 165 ± 15 and 140 ± 15 km s −1 , these rotation velocities are considerably higher than those corresponding to (pseudo)synchronization (see Table 5 ).
The effective temperature of the secondary obtained this way is much lower than that derived from the light-curve solution (Sect. 4). It seems that the reason is the weakness of the O ii lines in the secondary spectrum. A part of the disentangled spectrum with several O ii lines is shown in Fig. 5 . When we compared the disentangled spectra of the secondary with a synthetic spectrum for T eff = 25 000 K obtained from the light-curve solution for He i and some other lines, we found a very good agreement.
Even a direct comparison of the 21 000 K and 25 000 K synthetic spectra for log g = 4.0 [cgs] rotated to 93 km s −1 shows their close similarity for the majority of spectral features in the optical part of the spectrum. We therefore believe that there is no real discrepancy, but only a mild underabundancy of O ii in the atmosphere of the secondary.
Spectral type of the secondary
The spectral type and luminosity class of the primary noted in the Introduction is accepted here; according to Schmidt-Kaler (in Aller et al. 1982) , the temperature T eff,1 is then ≈27 000 K. The secondary can be classified using the criteria listed by Lesh (1968) : as the line O ii 4072 Å is not present in the secondary spectrum, the type is B2; and since O ii 4121 Å is weaker than He i 4144 Å, the luminosity is V. We see that the mass and radius agree with expectations for such a classification.
Final light-curve and RV curve solution
The excellent uvby light curves published by Giménez et al. (1986b, GCHV) are still the best light curves available for V346 Cen. Each of them is formed by 1056 individual observations obtained in the years 1982 and 1983 . As yet another check on the possible presence of a third light, we first run a PHOEBE solution in which third light was among the free parameters of the solution. It resulted in finding zero third light as the optimal result.
To derive the final solution we therefore used the uvby observations together with the asTORCOR RVs from the HARPS spectra and for the sidereal period derived in the previous section. We fixed the gravity darkening and albedos of both components at 1.0 and the limb-darkening coefficients were interpolated in the grid of pre-calculated model atmospheres. The effective temperature of the primary was kept fixed at T eff,1 = 27 141 K. The theoretical u light curve is compared with the measurements in Fig. 6. A129, page 5 of 9 A&A 591, A129 (2016) Notes.
( * ) The synchronicity parameter F j = P orb /P rot, j ( j = 1, 2) of both components was kept fixed during each iteration, but it was recalculated for new radius and inclination after each iteration, using V rot sin i values of 160 km s −1 , and 93 km s −1 for the primary and secondary, respectively. ( * * ) These velocities are the pseudosynchronization velocities (Hut 1981) calculated as r i .(K 1 + K 2 ) × coeff. according to Hut (1981) . The optimized parameters are given with only their formal errors derived from the covariance matrix. The GCHV light curves were solved by GCA, who used the program WINK (Wood 1973) , and noted the disagreement between the theoretical and observed curves around periastron. Even the inclusion of the reflection did not improve the fit. In a "Note added in proof" GCA remarked that a more advanced treatment of the gravity darkening -in addition to other program changes -removed most of the disagreement, but they gave no numerical details. Table 5 . We show the u data since their deviations from the model curve are the largest, as they are in GCA.
Absolute parameters and apside line rotation
The absolute parameters of the components are in Table 5 . We compared these values with the evolutionary models by Claret (2004) .
We followed the steps used by Claret & Giménez (2010) and calculated the coefficients c 2i (respecting the fast rotation of both components) and the general relativity contribution (0.00130 deg/cycle). Thenω obs = 0.02034,ω newt = 0.01904, and log k 2,newt = −2.428. To find the expected value of the apside line rotation, the tables published by Claret (2004) were considered. However, in this case the Claret models do not represent the primary component well. For the given mass and radius the model is too cold and old. From our parameters, the value of the primary k 2 might be estimated as −2.36. The fast rotation probably means that the correct model value is smaller (Claret 1999) , i.e. close to the observed value.
As the binary is a member of the open cluster Stock 14, it is possible to compare the distance obtained from the binary parameters with the distance determined for the cluster. Paunzen & Netopil (2006) give the cluster distance as 2439 ± 326 pc (according to Fitzgerald & Miller 1983 , the distance is 2870 pc) and the age 10 Myr. The parameters of the binary components obtained by GCA are very similar to ours; therefore, their results -age 10 Myr and distance 2380 pc -are still valid. The good agreement with the cluster data supports the correctness of the binary solution.
The only remaining open problem is to confirm the abrupt change in the orbital period and to find its true cause. .990 from the electronic catalogue maintained at the Geneva Observatory (see Mermilliod et al. 1997) , and an artifically estimated value L = 8 m .300, and added these values to the respective magnitude differences.
-ESO La Silla uvby observations: these superb photometric observations were published by Giménez et al. (1986b) .765) and added them to the magnitude differences. Since these observations are not available in digital form, we deposited them as Table A .3 at CDS.
-ASAS 2 I all-sky photometry: these observations were divided into four shorter time intervals not only to monitor the changes due to apsidal motion, but also because these early observations exhibit a secular drift. Data from the first time interval are also notably less accurate. We omitted a number of observations with larger deviations from the phase curve. -ASAS 3 V all-sky photometry: these observations were divided into two shorter time intervals to monitor the changes due to apsidal motion. Data from diaphragm No. 3 were used because they have, on average, the smallest rms errors. We omitted a number of observations with larger deviations from the phase curve. -Mount John BVR photometry: these differential CCD observations were secured by MZ relative to the Be star HD 101794 = V916 Cen, but it seems that the irregular variability of the comparison had no adverse effects on the photometry of V346 Cen, which was secured only during three consecutive nights. For comparison, we adopted V = 8 m . 684 and B = 8 m . 733 from the Geneva database (Mermilliod et al. 1997) , and artificially set R = 9 m . 8. The RJDs and magnitude differences V346 Cen − V916 Cen are available as Table A.4 at CDS.
-Siding Springs UBV photometry: these observations were secured by Drobek et al. (2013) and are available in electronic form as magnitude differences to the mean of several comparison stars in the field of the CCD camera, but no details are known. We added V = 10 m .66, B = 10 m .64, and U = 10 m .06 to the magnitude differences to reproduce the UBV magnitudes of V346 Cen.
-Sutherland broad-band green CCD photometry: these observations were obtained by JL during his visit to the South African Astronomical Observatory and were reduced relative to the A0 star HD 102152 (V = 9 m .15, and B = 9 m .16 according to Mermilliod et al. 1997) . We added 9 m .15 to the magnitude differences. The RJDs and magnitude differences V346 Cen − HD 102152 are available as Table A .5 at CDS.
-FRAM BVRI photometry: these CCD observations were secured by JJ, KH, and MM with the remotely controlled automatic photometric telescope located at the Pierre Auger Observatory in Argentina. They were reduced relative to CD−61
• 3157, for which we adopted V = 9 m .4, B = 11 m .2, and R = 9 m .900 from the SIMBAD database. The RJDs and magnitude differences are in Table A .6 at CDS.
